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Introduction and Recommendations 


This paper is'a review of the factors involved in the protection of 
distribution transformers against lightning surges and short circuits, 
and related problems. Information on these subjects is re-examined 
in an attempt to determine the proper protective equipment necessary. 
No attempt is made to show that the arrester is superior to the open 
gap or vice versa. Sor i fee amin pecs 


It is recommended that where transformers are. now. protected by open 


gaps that the total gap air space be shortened and. that transformer 


manufacturers be contacted to provide closer gap spacings in the 
hatupey Th ts also recommended that the spacings. on expulsion type 
arresters be lessened, and that consideration be given to specifying 
higher impulse test requirements on 7.2/1&45 KV transformers than 
proposed A.S,A, requirements. It is further recommended that consider- 


ation be given to the greater use of internally fused. transformers with 
secondary protection, | 


Insulation Protection 


A, Standard Testing Methods and Volt-time Curves 


Before embarking upon a discussion of insulation -levels, it might 
be well to review, insulation testing recommendations and impulse 
wave definitions, The Proposed,American Standards for Trans- 
fortiers, Regulators and Reactors, state that "the standard impulse 
wave is a 1.5 x 40 microsecond wave, .This is’ an impulse Por which 
the time from start te. crest is 1.5 microseconds £ 1 microsecond 
and the time from start to: half crest value on the tail is 40-50 
microsetonds.” he time zero ig.determined by drawing a line 
‘through’ the 0.1 and the 0.9 crest values, and extending it to the 
zero axis at. point 0,- ry eae Th A cect oe 


The time to crest is considered as°1.5\times ‘the time between the 
0,1 and the 0.9 crest values. In the figure below. E represents 
t, is the, time 


* the crest value, 0,t, is the tirie to crest, and.0, 
to half value. o,f, is considered as 1.5% (0;t,"O)tz). 
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The “effective” rate of rise of the front of the impulse is taken 

as the slope. of the line DC.- In some cases, the. tangent..to. the 

upper part of the impulse wave is taken ae the rate of PLAC he 
(Measurenent. of "Rate of rise" has not’ as yet been standardized. ) oe 


It can be seen that the slope or rate of rise of the dmpulse will : 


vary depending on the crest. value.” 


‘4 flashover, or a disruptive discharge may take place when testing: .. 

an insulation specimen with an impulse. When such a discharge 

occurs, a "chopped wave" results; this: chopping mey occur on the ~ 

tail, at the crest, or on the front of the wave. If no; discharge 

occurs, a "full wave" results. The critical flashover voltage cf — sete 
a test specimen under &n impulse ofa ‘given wave shape and polarity 
is the crest value of that, impulse when its amplitude is adjusted. eas 
to cause flashover on 50. percent, of the applications.: If impulse ee 
waves’with various rates cf rise are applied to piece of apparatus, «.. 7 
and a curve drawn with the flashover points, ‘where flagshover occurs - nae 
on the front, and the crest voltage values, wheré*flashover oceurs. 
on the tail, as ordinates, and with time to flashover as absicissa; 

a "volt-time" curve results. Fig 2 is such a curve, with tne. 7.3 
A,I.E.E. recommended terminology ee 


ee oe ie — ce : 


Front ee : Volt-time Curve — : 


porest Fleer | eetical eicsee 
in Tait Flashover / S072.aep| ications fiashove: 
—~ Ff SO?’ applications do not 


Critical thashover 
Voltage - 
Critical withstand . 
vated Withstand 4[]/, 
Voltage 


Stier A “ flashever 
a Microseconds j_ Fi e 
The critical withstand voltage is the crest value of jany givéh wave 
shape and polarity when the amplitude is adjusted to be just below 
disruptive discharge on the specimen. ‘The rated withstand véltage 
is the crest value of a wave of given-wave shape and polarity, to 
be applied under specified conditions without disruptive distharge 
on the specimen, Actually, due to irregularities in the measuring J 

apparatus, slight differences in the devices measured, and non- : 
uniform fields, “volt-time" points do not fall on an exact curve. 
“> It has been suggested that the relationships. betweén. voltage flash- 

over ard time be called "volt time areas" ‘since the rangé in flashover 
varies as much as 30-40%.2 See ee ; 
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It can be seen that the time to flashover depends on the slope of 


ithe wave (assuming all waves are the same shape) and that the flash- 
. Over voltage increases for short times. 


Transformer. Insulation Requirements 


‘Transformers for 7.2/12 45 KV systems presumably meet A.S.A. proposed 


standard insulation tests for 15-KV insulation, as these standards 


specified impulse tests are, (1) - two 110-KV. chopped waves with 


are accepted by the electrical industry. At the present time, these 


_ flashover within a minimum time of 1/8 microseconds and, (2) - 


a 95-KV full wave withstand. The chopped wave test is usually 


made by flashing over the bushing or an external rod gap. 


It has been very difficult to obtain authoritative data on the shape 
of the transformer Insulation volt~-time curve. The two main reascng 
are the large number of tests necessary to obtain satisfactory data 


and. the difficulty in measuring voltage and time and in controlling 


discharge for times under’ 1 microsecond. From the A.S.A. standards, 
only two points on the curve are known, or rather it is known that 
the insulation volt-time curve lies above these two points. Some 
manufacturers claim much more insulation than others. In fact one 
manufacturer claims’ 150-KV full wave insulation for 7.2/12.45 kv 
transformers. We can be reasonably sure that most reputable manu- 
facturers would supply an insulation margin above the required 
values; however, none of them will furnish any guarantee to that 
effect without a price increase. Hence it-is only certain that the 
transformer insulation values meet the A.S.A. requirements. 


LO 


Figure 5 indicates tne volt-—time curve shapes for transformers given 
by two manufacturers, with the known point at 110 EV, 2.0 ma ok Te 
can be seen that these shapes vary widely, even though both would 


meet AS.A. requirements. 


' Also shown are the volt-time curves of; a. 9-KV expulsion type 


arrester, a 2" rod gap (cut to standard N.E.M.A. dimensions), a 


‘double gap with two 7/8" air gaps, a 9-KV valve type arrester and 


a bushing for 7.2/12.45 KV trensformer. Tt should be noted that 
these curves (except for the transformer lower limits) represent 
average points; deviation may be as great as 15% each way. 


Various shape gaps with the samé total air space will have different 


tt 


volt-time characteristics. Thus it is incorrect to talk about a "gap 
unless the gap is minutely specified. Even a slight change of curva- 
ture on a gap will result in a different characteristic. This is 


‘illustrated in Fig. 5, where a certain design of double gap of 1-3/4" 


total air apace has a higher volt—time curve than a standard two- 
inch rod gap. . 


New Transformer insulation will fail under repeated impulses at lower 
crest values than for one impulse. Tests have shown that such insu- 
lation will withstand pout 70% of the single impulse value for a 
large number of. shots. 

to 90% (according to the same data), and since the standard tests 


Since three impulses reduce the impulse strength 


require three such tests, wescan’ take about: ‘SOR of the A.S, A: Value. 

ag a conservative value. for. repeated: ‘shots. -'*In- &ddition, insulation 
wil deteriorate with age. This ia ache eee: ‘by the proposed Ae Sans 
Standards@, which suggest that periodic field tests should not. exceed 
65% of the factory tests. It is doubtful whether these two factors 
(the 80% and the 65%) should be applied on top of each other, but at. 
least, to be conservative, some. margin below the “proved. impulse level 
Bhouid be. ‘allowed. If we take this: margin tobe Loe (aged: ‘insulation 
strength under repeated impulse being 60% of ‘the proved value) a volt- 
time curve can be.drawn which will sérve asa “Ceiling” limit. for. 


protective. devices... es a curve: is: shown | in’ ‘Fig. a, end was ‘drown : 


characteristics shown in Fig, 3 aan apply the: a. “60% factor. ha 

stated before, some transformers will have much more insulation than. 
required by the.A.S.A, standards... In’these* eaves; Safety factor’ will 
have been piled upon. safety ey ‘however, * unles 33 atithoritative 

data can be. obtained. from each manufacturer, or the A.S.A: ‘standarda — 
are raised, or. unless REA specified. higher impulse test’ ‘requiremen Yes, 
there is ‘no choice but to. take + a gee oa ages e “as the lower limits. 


On Fig. i oe alc eee abe 2- nigh : JaManint: — gap curve. A "bird a 
proof" double gap provided by a transformer manufacturer ‘set’ 3/k- =inch 
spacing ‘on each gap, is.not.shown on: Fig. 4 as: ‘it would cloud the 
picture; howéver,. the curve: of this particular gap follows very - aos 
closely the atandard 2-inch. ape “Sep dena: aut pense one ‘faster i 
short times. | we oS 
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From Fig. 4 it.can be. seen that for wave fronts steeper ‘then’ 70 KV a 
per microsécond, the 2- -inch standard red. gap iwill fail to protect 
transforner ‘insulation which hag:.a.strength of: 60% 6f the AlSJA.~ : 
standard for 15-KV Insulation. For wave fronts ‘of: L683 “tan "70: “Ky 
per microsecond, protection is afforded, but the mhargin is small, 

and, recailing that the rod gap curve -is-an:average of. ‘fPlashover 
toate, in ‘geome cases it would . fail to. afford protection even bélow ~~ 
this rate of rise. Alse, x referring back.to Ae sede else. ‘cover bushing” 
oleae no Protection FOr such insulation... oe on ee : 


It can hide: be: séen why. a “Tightning Grote tae! fe wild Poe 
protection for: sone surges, while’for others it will not. The eee 
wave fronts are more likely to cause damage than.the more Sioping. 
fronts. The distribation 2iné! will both ‘atenuate. the crest. ofa 

surge: and. slope, off the’ front: (decrease. the rate, or. rise). Aience +e 
closer the transformer dnd: ‘protective: dévice is to the initial - 

ca enn ideals anne was ae is. ‘the transformer fo. Pail, 


Data on the. front ‘of wave chavacteristics for aurese on ee igs 
meagre, but a 500 KV per microsecond surge is usually considered 
fairly severe. As can be seen from Fig. 4,. & standard red: gap: 

spacing of about’ J - -1/4" would. be. neces3q Lny. en rthe, insula ation OURW OR 
shown. .in Fi i 2 for Protection on this. wave: front, fo Sige ai oe 
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Mininun Setting of Protective Device 


There are other factors which limit the minim setting of the 
protective device. One of these ig its 60 cycle flashover value. 
Faults, switching and "arcing. grounds"*causé overvoltages on the 
system.which may be injurious; The maximim sustained 60 cycle 


- voltage caused by a fault on a system depends on the values of 


positive and zero sequence impedances of the system. Numerous 


calculations for faults on multi-grotinded systems such as those 


constructed by REA borrowers: have been made, using various conductor 
Sizes and line lengths. These calculations revealed no case where 
the 60 cycle voltage was over 9 KV line-to-ground for a 7.2/12.45 KV 
multigrounded néutral liné. The transient voltages resulting from 
faults are somewhat higher. One authority shows that the increase 
is about 13% higher? for lines of the REA type. This would result 
in about 10.3 KV-for the 7.2/12.45 nulti-grounded system. Figure 5 
shows data fran:5 power systems on switching surges.” However, it is 
not known whether these systems were solidly grounded, ungrounded, 
or grounded through resistance and reactance. 3 


Studies on model 110-nile 2350-KV lines indicate that on solidly 
grounded systems, transient. line-to-ground voltages caused by arcing 
grounds do not exceed 2 times normal; those caused by de-energizing 
an unfaulted line do not exceed 3.2 times normal; those caused by 
de-energizing the line with single line-to-ground fault do not exceed 
4.5 times normal; and those caused by de-energizing the line with 
double line-to-ground fault do not exceed 4 tires normal. All ‘these 
values are for two restrikes of the arc, which would probably be 
unusual,' Also, overvoltages on such large capacitance lines would 
be in excess of those encountered on low voltage lines such as 
constructed .by REA borrowers. The ceiling values given for 1 restrike 
for the above conditions are 2 tines normal, 2.8 times normal, 2.9 
times normal and 2.7 tines normal, in the game order. 7 


It has been shown that a solidly grounded system almost always has 
lower transient overvoltages than other types of systems, while 


~ ungrounded systens have the highest, in general. -The nultiground 


neutral REA systen can certainly be considered as. solidly grounded. 


The transient overvoltage will depend en the point on the current 
cycle where the transient occurs. Hence two or more maximum over- 


- yoltage values would not be. likely to occur in succession. 


‘From the above discussion, an overvoltage of about 3 tines normal 


seems a reasonable upper ceiling for transient overvoltages on REA 
systems. Figure 6 shows the flashover of wet rod gaps at 60 cycle - 
voltage.’ The transient voltages due to switching, etc.,are composed 

of fundamental 60 cycle coriponents and “natural frequency" campenents, 
the natural frequency being determined by the inductance and capacitance 
of the circuit. This natural frequency is greater than 60 cycles and 
hence the flashover values will be at least ag great as the 60 cycle 
values. From Fig. 6, using the 3 times normal figure, or 22 KV for 
{.2-KV line-to-ground systems, it can be seen that a setting of 1-1/2 
inches on a standard rod gap is sufficiently high to prevent transient > 


oe oe 


power flashovers. Even a 1-1/4 inch setting should: be. oabonably 
satisfactory, particularly if the line is sectionalized with auto- 
-matic reclosing circuit, breakers,’ since two: or: more — over- 
uyoltages: ee ey pepe ah eee ee : 
ae ree hes aaa foam Pigs, 3 “and: le dee a oe shen atanaera rod 
- gap has characteristics - for Anitial+ arch ge ie che a to 
those» a the. a vyolve: arrester. sapien PS Sean? a i 


we the. mest, gone ee nee Mine. ee hae tie: aieteuers device 


. «; Should. have a fairly high initial<breakdown becande’a higher setting 
‘owould result. in fewer . eperations,-while a.lower sétting would result 


-in-a, greater number. of. operations, and hence more’ wear and tear on 


the. device, and. more: consumer. ‘complaints. }- There: is anple: data to 
. » indicate - that any. ‘such difference: is: atnute: for low insulated lines 


having . the phase - wire :above: the neutral. Same éalculations ‘on the 


ee percent flashovers - ‘for: direct. stroekes::to re expected.on lines of the 
oe ee type. have. been nade with: Repatve as. Pol hove nite ees Phe 


Percent ; Flashorers Phase te bree Neutral : 
oe Se. ele ase Stroke Se Veer eat 


| Waves Be eee Se i eee es 
SA aes ey Oval ae aie a Bronk “ i ae oe peaenecle 
es Insulation .~  Miorcseconds ogee ue Bae ees Ese 
Inenlator Only eae oS 99. Bhi | 99. O° 
: : me ‘ IS ee Me er ea oe! 
fos O95) 2 | 99g 
“Insulator Plus one < He ee ne ne 
8.5. Ft. Wood 2 wy 4p OOsDe 2 ae ©) OBO. = 

- &, OY Lee tree one 


2.5 feet. of wet. wocd (about: 175 EV on full. 1-1/2 x ko inva) 
bene only. 2%. difference: in the: percentage or flashovers) ‘How 
_ much difference. Would 1: or:2 inches ofgop make fat about ’20- KV 


Per inch. on Pad wave)? , OF.- course,..gone. ef the surges nay be induced 


fron nearby lightning strokes, instead of direct strokes, but even 
» With these it is very. doubtful bebe an - inch: mOne ” or teas’ will 
_ make much difference. : PRE ee Se ee 


These theoretical ealoulations nave oe bone out by roses 
obtained fron REA .systems-equipped With: reclosing il circuit 
a breakers, .Por the Periet fran. eed ies aarenbae ee: “the: arin 
ee WAS | petted: a 


~~ 


Number of Number of Operations 


Systens Breakers per Transforner. 

Month Reporting Reported Breaker Protection 
May 10 62 6.01 i 
BSH Sas hale 2 
dung P47 192 9.07 1 
or Ea 380 5.97 2 
July 28 323 9.69 | we 
a fe). GORe 7.60 | 2 
hugust “35 poly Gi a tg 5 
: | L6 aaa af! 6 6.70 ada 2. 
“Septenber 36 B63 Akg ags : 
E ieee ie 697 2IEGCLIO 2 
October 18 189 2.69. 1 
pee oe) 9.37 2 


‘1 - Systens with arrester protected ‘transformers 
2 - Systems with open gap protected “transformers 


For the period frai April 1 to October i, 19h2, the following data 
was gathered: a le once ae 


Systens with Systens with 
Gap Protected Arrester Protected 
Transformers « . Transformers _ 
Number of Systens °° ° 88 Bie pes 99 
_ Number of Breakers’ ~ 1,314." - - 1,141 
Average Number of “"  * St ata | 3 
Operations per Pea idee Sed wpe 
Breaker per Month. 6.8 6.6 


If the theory of a Greater number of line ‘flashovers with less 
insulation were accepted, a greater number of bréaker ‘operations 
on systens with gap protected transformers ‘would be expected than 
on systens with arrester protected transformers, since arresters 
stop the follow current (after the first half cycle in the case of 
the expulsion ‘typé and irmediately in the case of the valve type ) 
"-and‘hence fewer operations should occur in the later cases. 


The above breaker data, ‘on the other hand, indicates clearly that 
there ig very little difference in the number of breaker operations 
in either case. Since the nunber of breaker cperations due to 
causes other than lightning are probably about the same in either 
case, it is reasonable to say thot a small increase or decrease in 


oon ~ 


the initial flashover ae of the protective device will make 


practically: no difference inthe number. of cial cs untn of such 


device due to lightning: surges. 


‘As outlined ae the protective device, setting must, of course, 


be kept above the possible power transient overvoltaze Limit, 


Hence fron this standpoint, it would appear that a 1-1/4" gap 
would be about as small as- could be used, . Since a 1-1/2" rod @ap 
has about the sane initial flashover curve as a 9-KV valve type 
arrester, it would seem that’/an open gap having characteristics 
between the 1-1/4" and Le -1/2"s standard rod gaps would be a 
reasonable gap to use. 


ihother ioportant factor which: may limit the gap spacing is the 
possibility of bird. trouble and ice trouble: The lcwer the gap 
spacing, the more important it~becomes to design the gap to minimize 
such difficulties. However, there is no reason. why design prceblens 
should be insurmountable even with very short gaps. Enclosed ars 
resters have the advantage over cpen gaps in respect to possible 
shorts from external, objects, and-in oe to the maintenance of 
proper aD spacing. io 


on veaard: to the 9-Ky.. expulsion bepe. arrester, at is apparent that 
a lowered setting would be desirable’ for ae flevice. | 


Possible Increase _ “in ‘Transformer. teen oe 


It can be seen from a. b that a 1-1/2" rod gap will fail to protect 
the 60%. of “A.S.A, standard insulation for voltage rises over 154 


: Kv /ms, allowing 15% margin each way on the rod gap curve. 3 Providing 


protection up to 500 KV/ms with the same margin, and with the 1- i fee 
rod gap, would involve Ancreasing the insulation. strength about 25%. 


..This in turn would mean a 138- KV flashover-test at: not less than 


ale 8 microseconds and about eee KV full wave’ withstand. These vaiues 


_ are very approximate as it is difficult to obtain: accurate points 


Rong 


“for very short time lags, Although most modérn transformers could — 


proba bly meet such tests, since the tests are nonstandard. dt-is 
probable that. these transformers would be more expen Tee 


The REA at one time had a- Hoeete taasion fore eb. 1-KVA tranaformér 
calling for a test: with ten: impulse ‘waves with a front. oe. 500 KV 
per microsecond with a 2-3/k" standard. rod” gap across’ the, trans - 
former insulation, This is* roughly “4 , 25% more severe requirement 
than the A,S.A, standards , using the’ transformer insuletion.time 


lag sliape of Fig, 4.°° One. manufacturer: quoted a price ‘of $2.00 more 
for: the’ 1-KVA transformer with this ete “than. for a trans- 


former meeting standard A,S.A, requirement... It. ts probable that 


“this: cost would be reduced if REA systems paxehaden. large’ quantities 


of such: transformers. -Even if? this Were not. Sau. any: necessary cost 
increase ee probably be well worth, while, 


ris. 
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Summarizing the above discussion for 7.2/12.45-KV transformers: 


+. 


It appears that present double open gap settings (usually about 1” 
for both air spaces) are higher than they should be for adequate 
conservative transformer protection over long periods. 


A gap setting having flashover characteristics between the 1-1/4" 


and 1-1/2" standard rod gap will-provide much better protection 
and still not increase the number of flashovers appreciably. 

As each gap has individual characteristics determined by its shape 
and mounting, it would be necessary to test each to determine 
accurately the setting corresponding to that suggested in 2. Very 
roughly, for a double gap the total air space should be about 1 
inch, since a double gap has a higher flashover in general than 
the standard rod gap. It might be necessary to check on the 


60-cycle flashover value in some cases. It certainly will be 


necessary to make sure that any decrease in gap spacing does not 
increase the possible hazzard due to birds, ice or foreign objects 
to an unreasonable extént. 


It would seem desirable to lower the initial flashover character- 
istics of the 9-KV expulsion type arrester if it is possible to 
accomplish this without materially decreasing the arrester life. 


It would seem desirable to increase the required insulation impulse 
tests on transformer insulation about 25% to obtain more complete 
protection. This increase in insulation seems to be necessary 
because the initial breakdown of the protective device cannot be 
lowered materially below 50-KV on 1-1/4 x 4O full wave without at 
the same time approaching a lower limit imposed by transient power 
flashovers. (This would not be so true for entirely enclosed 
arresters which are protected from the weather. ) 


Protection Against Overloads and Short Circuits 


A. 


Primary Protection 


In the first few years of the REA program, the largest number of 


. transformer installations were those called "the conventional," 


This consisted of a transformer, primary fused cut-out and lightning 
arrester. Originally the 1-1/2 and 3-KVA units were fused with 
l-amp. fuse links, the smallest generally available. So many 
transformer cut-out fuse failures were caused by lightning and 
mechanical vibration, that the fuse rating was generally changed 

to 2 amperes. Some systems even went further than this and applied 
higher ratings. 


Fuse links made by different neanufacturers vary greatly in time-. 
current characteristics, but in general a 2-anp. fuse will afford 
little protection against secondary faults cn a 1-1/2 or a 3-KVA 
transformer, particularly if these transformers are connected for 
three-wire service. (Primary protection against long time overloads 
by means of overcurrent devices is not practicable and has largely 


Mes iy wire. he, ee <KVA Ap, 


been abandoned hy out: ‘electric suppl ere’): Uirtess the séeondary 
ee circuit is very close tc the transformer, the Crane tOrmon Gi) i 7 
before the -amp .. primary fi1sé Will biGw. ay A‘IT-1/OKVA 3-wire 


einutemne! is protected: against, “secondary. short. circuits by aoe oe 


Tuse: of ae oné make - and tuis for a distance of only 70 feet fo 
of our FAs, ‘chdtaetenie wanes Even eons the 


O= ain. 


ks “hy $ 
wi At -« 


Ae jearning - of these facts, REA engineers natural iy. asked, “Why 
spend: money, on ‘something “whieh fails top tect? Way: ot pe 1t the 
tose ing} ‘de the transformer and. make at dare ‘enongh. BO. at will 
operate. only” when the ‘transformer. itself fails and eliminate. the 


expensive: external, | cut oute Such transformers have. been. installed. 


The internal fuse, “which was. under. ‘oll; “saved, abou it $8. over: $e) 
convent i enal installation, and, Was. ‘called’ by. some , a "weak link. : 


Si ince it, WA. not readily replaceable, its only, _purposs wag TOG 13. 


connect the: ‘trans former, from the. dine in event of transi omer fatiure, 
Prattically, this wuuatie meant an increase. dn. the. aize . of the 


primary fuse over that formerly used in the external cut- -out. Except 
2n, rare cases, this. volved. the lightning and. mechanical, problem, «but 


ale raised anothor: problen. - namely onpdtest ies of. the weak fine with 
the primary’ Line sect lonalizing appa Pats. PAE BOE hh Ea ae : 


ens) transformer. fatiss it ds extremely, desirable to ai atomaticaliy 


“disconnect it fron the..line before, the. dine segtionalizins device 


“opens the entire line section, Since the weak ink Was. larger than 


the éxXternal. fuse. Ore the convent toned instaliation,.- ‘it. pecame more 


* difficult Wee accomplish, ‘this, particular] Y Owt..en the ends: ‘Of the ‘ 


system. The ‘Situation was worse where. fast- -cpening automatic oil 
circuit breakers | were used, since. the. -smaller breakers many “times 
locked out before the weal Link di sconnected. the transformer. In 
such event, thé hunt for the offending transformer might require a 
areat ages of consumer | ours. Ortae Be ie On: “the: section. 


twee Caipigeemere nid See anne nd wrens Gey elaiah oy: Sead anclebe eae eee eAlt = pe a ee ea pa le eee 


Secondary Prot ein on 


Sry mp te ats be ey it mre ee ek ye ees 


Some of the weak Link transformers. Were not. a TESS, With @ secondary 


“prctoctive: device of: Some ‘sort, While. same, wer . For. the. former type 


trot equipped with secondary pr rotection). theo hee -pvactice has been 
“to make the weak Link or tnter rnal. fuse. so daxge: that it will not operate 
except | for Sntérnal transformer fault. PAIS was done, to prevent < 


internal fusé blowing - ‘due to secondary faults, since. ape is, almost 


impossible * sige replace an internal, fuse. without pinging, ‘the. trans- 
Tormer: into the sho OP, 


Ties ae 


Be 


For the transformer with secondary protection, the yatornal fue 
must be only large enough to coordinate. ‘properly..with the secondary 
protecti ive: device. Consequently, the internal. fuse. for:.the. former 


_ type must be greater in size than for, the later. type... This is 
Tlluety rated by the following table, of. internal. fuse, or, weak link 
ratings For one manufacturer! 8. equi ipmént. f 


ce 


Transformer : Internal Fuse Rating : 


Size Without Secondary With Secondary 
KVA ____Protection Protection 
1-1/2 8 : 5 

3 | 1D 8 

> eT OO 8 

7-1/2 30 3 15 
10 4O 15 


(These ratings are with the fuse under oil and do 
not correspond to fuse ratings in air, ) 


The internally fused transformer with Secondary protection will 
therefore be more likely to clear the line than the trahsforner 
without secondary protection. Also, of course, we would expect 
fewer transformer failures with the secondary protection. 


Possible Solutions to Short Circuit Protection Problens 


Various'lines of thought have come. up leading to a possible solution 
to these problems. Some ofthese are: = 


(1) Development of an external primary fuse or device which will not 
blow due to surges, and will be mechanically strong, but will 
afford protection to the transformer against secondary faults. | 


(2) Use of secondary protection on all internally fused trans- 
formers, making the internal fuse as small as possible. 


(3) Making the internal fuse more easily replaceable. 


(4) Incorporation of greater tine delay in opening for sectionalizing 
circuit breakers. There is an upper Limit to the extent of the 
tine delay, but new breakers sre now being developed with such 
tine delay. i 


(5) Development of new inexpensive devices for use in conjunction 
with the automatic reclosing breaker so that smaller sections 
of line will be isolated when trouble occurs. One idea is to 
use 4 reclosing circuit breaker with instantaneous first opening 
and time delay. subsequent opening in conjunction with single 
shot fuses. 


(6) Develog~ment of soe sort of indicator on the transformer to: 
indicate when it has failed. 


Of these items, 2, 4 and 5 together are probably the most practical. 
It is particularly suggested that wherever an internally fused 
transformer is used, it be equipped with secondary protection, 
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